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Text S1
The AMS model: Monomer shuffling between two KaiC hexamers in the R state is described by reactions
with the constraints i + k = m + o and j + l = n + p. represents the corresponding concentration in the sample. The less frequent shuffling between two KaiC hexamers in the T state is neglected in the model. Since monomer shuffling is most frequent in the dephosphorylation period with large i and j (1), the shuffling between T and R is assumed between T i,j and R 6,6 . The reaction is described by
with the constraints i + 6 = k + m and j + 6 = l + n, which proceeds with the rate 
and neglect the other paths of phosphorylation reactions. Note that both i and j in Eqs. 
where the reaction rate of Eq.5 is assumed to be ] R [ , j i i dp k and the reaction rate of Eq.6 is assumed to be ] R [ , j i j dp k . To make the observed sequence of pSer/pThr → Ser/pThr → Ser/Thr a dominant flow in the reaction network in the R state, the rate constants i dp k and j dp k were assumed to satisfy
j dp j dp k k >> =4 j dp k 6 = j dp k , and 0 2 4 6 = = = = = = > i dp i dp i dp i dp
Description of the allosteric transition between R and T states is simplified by considering only the dominant routes as Eq.8. Eqs.1-8 define the model used in this paper. The model consists of 7 variables representing the amount of T i,j , 16 variables representing the amount of R i,j , and 11 parameters for the rate constants. To examine whether the synchronization in the model is robust against stochastic fluctuations in reactions, we numerically simulated the reactions of Eqs.1-8 with the Gillespie algorithm (2). We simulated the system consisting of N 0 = 10,000 KaiC hexamers with the volume V = 28.5 fl, which corresponds to the standard mixture of 3.5μM KaiC often used in experiment (1). With our previous AMS model, it was shown that the oscillation is as stable as was observed in vitro when the number of KaiC hexamers is as large as 10,000 (3).
Parameters:
The population of KaiC hexamers oscillates by the mechanism described in the subsection Allosteric Transition and Monomer shuffling. A set of conditions should be met for this mechanism to work. To allow the collective transformation of the population of KaiC from T to R, the rate of the allosteric transition should be smaller than the typical speed of monomer shuffling (3) . By writing C 0 = 3.5μM/6 = 0.58μM, this condition leads to
. To maintain the phosphorylation or dephosphorylation period for certain duration, the rate of allosteric transition should be smaller than the phosphorylation or dephosphorylation rate along the main route of reactions, which should lead to the condition
j dp i dp p . In our previous AMS model, these conditions were shown to be indeed the necessary conditions for the stable oscillation (3). In this paper we choose the rate constants to satisfy these conditions. See Table S1 T 0 
